PACKAGE FOR SEALING AN INTEGRATED CIRCUIT DIE 

Field of the Invention 
The present invention relates to packaging and sealing an 
integrated circuit die. 

Background of the Invention 
To package a device in plastic, a typical die having an 
integrated circuit in a top face is bonded onto a paddle so that 
the bottom face of the die is bonded to the paddle. The die is 
then coupled to a leadframe with wirebonds. The die, paddle, and 
leadframe are encapsulated in plastic by flowing plastic over them 
at high temperature and pressure. This typical encapsulating 
process cannot be used with some dies, such as micromachined 
devices that have movable components, because the flowing plastic 
would affect the movement of the movable components . 

Instead of packaging in plastic, some devices are packaged in 
hermetic containers to keep moisture away from the die. Several 
different types of packages are used, including a ceramic dual 
in-line package (cerdip) , a ceramic side braze package, and a 
generally cylindrical metal package. 

In such packages, the die is typically bonded to the inside 
of the package with a die attach, and then the package is sealed. 
A typical die attach in a cerdip process uses a silver paste. 
Such a paste can provide stress to a die, thus potentially 
degrading long-term performance. 
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Summary of the Invention 
According to the present invention, a cap is provided over 
part of a die so that at least part of the die is sealed and 
protected. The die can then be enclosed with flowing plastic 
which does not reach the . sealed part of the die. While this 
approach has broad applicability, it is especially appropriate for 
micromachined devices that have a movable mass, a diaphragm, or a 
sensor that has a vibrating member. In the case of an 
accelerometer, the cap covers, surrounds, and seals the movable 
mass from flowing plastic. A cap can also be used to protect a 
die from other material, such as particulates. The cap can be a 
paddle bonded over (instead of under) a die, or can be a cap 
member that is provided in addition to a paddle. The seal can be 
just sufficient to protect from particles or plastic, or it can be 

a hermetic seal. 

In a first embodiment of the present invention, a paddle that 
is smaller than a typical paddle serves as a die mount and also 
serves as a cap. A rear side of the paddle is bonded over the 
face of the die rather than under it with an adhesive that seals 
the desired part of the micromachined device sufficiently to 
prevent contact from flowing plastic. No adhesive is deposited in 
a center area of the paddle so that a space is defined between the 
die and the paddle. Thus, the adhesive also serves as a standoff 
to prevent the rear side of the paddle from contacting the face of 
the die. Alternatively or in addition to using an adhesive as a 
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standoff, the standoff can also be achieved by forming a 
depression in the center area of the paddle surface by one of 
several methods, such as chemical etching and stamping. 

In a second embodiment of the present invention, a rear side 
of a silicon cap is bonded to the face of the die to seal and 
protect the micromachined features from external material, such as 
flowing plastic. A cap made from silicon minimizes stresses due 
to mismatches in the thermal expansion and allows the use of 
standard fabrication techniques. The rear side of the silicon cap 
can be etched at central portions to define a cavity surrounded by 
a peripheral bond face. The cavity creates more space than the 
space created by the thickness of the adhesives to prevent contact 
between the cap and the face of the die, to reduce electrical 
interactions between the die and the cap, and to provide more 
volume to adsorb moisture. Alternatively, this central portion 
can be electrochemically etched to form porous silicon. Porous 
silicon structures have oxide surfaces that absorb moisture. Thus 
porous silicon etched into the internal surface of the cap will 
getter any moisture which may diffuse through the adhesive seal. 

In a third embodiment of the present invention, a cap is 
bonded over the die so that it hermetically seals a portion of the 
die. If the die has a sensor, such as a suspended mass for 
sensing acceleration, the hermetic seal keeps moisture from the 
mass. To form the hermetic seal, a layer of glass or metal is 
provided over a top surface of the die, typically over a 
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passivation layer (such as glass) with a perimeter that surrounds 
the portion of the die to be sealed . A cap, preferably made from ' 
silicon, has an etched central area and a peripheral area with a 
layer of glass or metal. This layer on the cap and the layer on 
the surface of the die are heated to a sufficient temperature so 
that the layers bond to create a hermetic seal. 

In a preferred embodiment, the layer patterned over the 
passivation layer of the surface of the die is aluminum, and the 
layer around the perimeter of the cap is made of gold. An 
intermediate layer can first be provided on the die to assist 
bonding. After the portion of the die is sealed with the cap, the 
device can, if desired, be enclosed in plastic. 

In each embodiment, the cap, whether a metal paddle or a 
silicon cap, is preferably kept at a constant voltage to shield 
the micros true ture from electromagnetic noise, thus minimizing the 
susceptibility of the micro structure to electromagnetic fields 
from surface static charges in service or during manufacture. The 
cap can be tied to ground or to some other reference voltage on 
the die. The cap preferably has a smaller area than the die to 
allow access to bondpads located around the periphery of the die, 
thus enabling the use of standard wirebond equipment. 

Accordingly, by bonding a cap over a die, portions of the die 
are sealed mechanically and electrically, thus allowing dies with 
movable masses, such as accelerometers, or dies with pressure 
sensors to be protected from external materials, such as plastic 
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packaging. The cap does not add to the thickness of the packaged 
die; and if the cap is the paddle, the thickness of the package 
can be reduced. 

Other features and advantages of the present application will 
become apparent from the following detailed description when read 
in conjunction with the drawings, and from the appended claims. 

Brief Description of the Drawings 
Fig. 1 is a cross-sectional view of a prior art accelerometer 
chip assembly. 

Figs. 2 and 4 are cross-sectional views of an accelerometer 
chip assembly according to first and second embodiments of the 
present invention respectively; and 

Figs. 3 and 5 are plan views of the accelerometer chip 
assembly of Figs. 2 and 4, respectively. 

Fig. 6 is a perspective view of a die in a cap for hermetic 
sealing according to a third embodiment of the present invention. 

Fig. 7 is a cross-sectional view of the die and the cap of 
Fig. 6. 

Detailed Description 
The present invention relates to a method and apparatus for 
supporting and protecting a semiconductor die. While the method 
and apparatus of the present invention have broad applicability, 
they are described here primarily for packaging a die with a 
micromachined structure, such as an accelerometer, with flowing 
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plastic. The method and apparatus of the present invention can 
also be used with other types of dies, and can be used to protect 
against other materials, such as particulates. 

Referring to Fig. 1, in a known accelerometer , an 
accelerometer chip (or die) 10 is mounted with an adhesive 14 on a 
metal paddle 12 which supports the chip. The chip has a number of 
peripheral ballbonds 16, which are electrically coupled through 
wirebonds 18 to a leadframe 20. The wirebonds are typically 
arched a height h over the die, and therefore require a clearance 
space over the die. 

The chip has a movable mass 24, the details of which are not 
shown here. Briefly, mass 24 is mounted to chip 10 with anchors 
so that it can move back and forth along a desired axis. The mass 
has fingers extending perpendicular to the axis and between sets 
of stationary parallel plates. When the fingers move, a change in 
capacitance between the plates is detected, thus allowing the 
acceleration of mass 24 along the axis to be determined. For 
present purposes, it is important to note that in such a device, 
the mass must have the ability to move along the axis. 
Consequently, chip 10 cannot be enclosed through the use of molten 
plastic, because the plastic would affect the movement of mass 24 
relative to the rest of chip 10. 

Referring to Fig. 2, in a first embodiment of the present 
invention, a paddle 30 is bonded over a face of chip 10 with an 
adhesive layer 32. Paddle 30 replaces the larger paddle 12 as 
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shown in Fig. 1. Referring also to Fig. 3, paddle 30 has a 
perimeter that fully surrounds mass 24 , but preferably does not 
block access to ballbonds 16. Typically, the area of paddle 30 is 
less than the area of the die. 

Adhesive layer 32, in addition to bonding paddle 30 to chip 
10, serves as a standoff to the die, thus defining between paddle 
3 0 and mass 24 a void region 36 that prevents paddle 30 from 
contacting mass 24. A cutout region can be formed in the paddle, 
e.g., with chemical etching or stamping, to help create a larger 
void region. Preferably, the paddle is made of metal. 

Preferably, the adhesive is organic, which tends to create 
less mechanical stress than an inorganic adhesive. An example of 
a thermoset, organic, non-conductive adhesive that can be used is 
Ablestik 660, available from Ablestik Laboratories, Rancho 
Dominguez, California. 

The bond between the device and the paddle can be made by 
patterning adhesive layer 32 onto paddle 30 or by patterning the 
adhesive layer onto chip 10. The adhesive is preferably screen 
printed so that it has a seal width to thickness ratio that is 
greater than 10/1. By providing such a ratio, the seal is nearly 
hermetic and is at least sufficient to prevent the flowing plastic 
from entering void region 36. 

In addition to mechanically shielding mass 24, paddle 30 also 
electrically shields mass 24. The paddle has members 42 that 
extend away from the mass. These members are coupled to the 
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leadframe. By coupling the paddle to a fixed reference voltage, 
the accumulation of surface charge is avoided. 

After paddle 30 is bonded to chip 10, plastic 40 is flowed 
over the chip and the paddle to encapsulate them. To prevent 
paddle 30 from contacting mass 24 during this flowing step, the 
paddle must have a bending stiffness that is sufficient to 

o 

withstand plastic molding pressures (typically 1,000 psx at 175 C) 
without excessive distortion. 

As is evident from a comparison of the prior art Fig. 1 to 
Fig. 2 of the present invention, bonding the paddle over the chip 
does not increase the height of the device because the wirebonds 
already require a certain amount of space h over the chip. 
Indeed, this design is particularly attractive for thin devices, 
because it eliminates the thickness required for a paddle disposed 
underneath the die. 

Referring to Fig. 4, in a second embodiment of the present 
invention, a silicon cap 50 is bonded to the top of chip 10 with 
an adhesive layer 52. As in prior art Fig. 1, chip 10 is mounted 
with adhesive 14 to paddle 12, and has peripheral ballbonds 16 
coupled to leadframe 20 through wirebonds 18. As in the first 
embodiment, the perimeter of the silicon cap surrounds the mass or 
other part to be protected so that it can seal the mass, but the 
area of the cap is preferably smaller than the area of the die so 
that the ballbonds are not covered. 
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While the adhesive can serve as a standoff by itself, the 
silicon cap may also be etched to provide a central cavity that 
leaves a peripheral bond ring. A single mask process can be used 
to fabricate caps with 2-20 micron cavities, preferably 10-20 
microns . The cavities are formed by plasma etching through an 
oxide layer/ thus leaving a peripheral bond ring in the cap face. 
Deep cavities, 125-250 microns, can be made with a two mask 
process. A deep cavity better ensures that the cap will not 
contact the mass, and also provides more volume between the cap 
and the die to disperse moisture if needed. 

In a preferred deep cavity embodiment, boron doped 100 
oriented silicon wafers are isotropically etched in a 45% solution 
of potassium hydroxide. While the etch rate depends on many 
factors, including dopant level and temperature, at 70°C, the rate 
is typically about 30 microns per hour. Etchants, such as 
tetramethyl ammonium hydroxide, which do not contain alkali metals 
can also be used. 

Alternatively, an electrochemical etch process can be used to 
form porous silicon which adsorbs moisture. See K.E. Peterson, 
Proc. IEEE 70, 420 (1982) and references therein; and R.C. 
Anderson et. al., "Porous Polycrystalline Silicon: A New Material 
for MEMS w , J. Microelectromech. Systems, v. 3(1), p. 10 (1994), 
and references therein. Each of these articles is incorporated 
herein by reference. 

Referring also to Fig. 5, the cap 50 is maintained at a 
constant voltage to shield the die from airborne electromagnetic 
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noise. In this embodiment, the cap is preferably bonded to a 
fixed voltage probe pad. The adhesive is patterned to have 
chamfered corners 52 that expose the corners of the silicon cap. 
Cutting the corners reduces stress, since the stress is greatest 
at the corners of a bond. An organic, conductive material 54 , 
such as Ablestik 7052, available from Ablestik Laboratories, 
Rancho Dominguez, California, is provided at one corner of the cap 
to electrically connect the exposed silicon in the cap to a 0.2 
volt probe pad 56 under the corner of the die. By electrically 
tying the cap to this fixed voltage, the cap minimizes the 
susceptibility to electromagnetic fields in service or during 
manufacture. 

Referring to Figs. 6 and 7, in a third embodiment of the 
present invention, a die 60 has a portion 62 to be protected, such 
as a sensor, formed in a face 64 of the die. Die 60 has a silicon 
substrate 70 and other various layers (not shown) with a top 
passivation layer 72, such as glass. A layer 74 of glass or metal 
is provided over top passivation layer 72 so that it surrounds 
portion 62. While this layer can include a number of different 
types of glasses or metals, it is preferred that this layer 
include a layer 76 of aluminum with an intermediate layer 78 to 
assist in bonding aluminum layer 76 to passivation layer 72. 
Intermediate layer 78 is preferably titanium tungsten. 

A cap 80 has a silicon body 82 with a perimeter 88 that is 
coated with a layer 84 of glass or metal. While a number of 
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different glasses and metals can be used, layer 84 is preferably 
made of gold. To form the hermetic seal, the cap is provided over 
the die and is heated to an appropriate temperature, preferably at 
least about 3 85°C / with thermo-sonic energy for a gold-aluminum 
bond. After the silicon cap is bonded to the face of the die, the 
die can be sealed, if desired, in a plastic package (which is non- 
hermetic) . 

The cap is preferably etched in the area 86 surrounded by 
perimeter 88 to form a void region with a height hi. As in the 
first two embodiments, the silicon cap is also preferably 
electrically coupled to a fixed voltage to control charges . 

In the first and second embodiments, the adhesive can be 
applied to individual dies, or on a number of dies at a wafer 
level. If applied to a wafer of dies, the caps are mounted to the 
dies on the wafer and the dies are then separated from the wafer. 
Typically, the wafer is sawed to separate the dies. 

The methods of the present invention can be used with the 
packaging of any type of chip in a plastic package where 
performance could otherwise be affected by particulates or by 
flowing plastic on the chip surface. Thus, the present methods 
could also be used whenever it is useful to have the low 
dielectric constant of air over a part of the die or low surface 
mechanical stress. For example, certain microsensors, such as 
micromachined pressure sensors, can be packaged for backside 
access because the void space under the paddle allows pressure to 
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deflect the sensor diaphragm, as required for typical pressixre 
sensors. 

Hermetic sealing of the die allows the pressure levels and 
gas compositions to be controlled. This hermetic capability can 
be applied to use a vacuum under the cap to make a high-Q resonant 
sensor, or to make an absolute pressure sensor. 

This process can also be used independent of plastic 
packaging. For example, dies which are sold for assembly in a 
multi-chip module (MCM) or hybrid applications can be capped with 
paddles- These shielded dies do not require subsequent clean room 
assembly because the paddle protects the micros true ture from 
particulates. These dies can then be mounted and wire bonded with 
automated equipment in MCM assembly plants like other devices on 
the substrate. In this case, the seal between the cap and the die 
must be sufficient to keep out the particulates. 

Having described embodiments of the present invention, it 
should be apparent that modifications can be made without 
departing from the scope of the invention as defined by the 
appended claims. 

What is claimed is: 
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